Abstract-This paper presents a review of modern and intelligent controllers based on time response specification performance for a pitch control of an aircraft system. The dynamic modeling of pitch control system is performed and an autopilot that controls the pitch angle of an aircraft is designed using different controller design methods. Separate controllers viz Proportional integral Derivative, Fuzzy Logic Controller (FLC) and Linear Quadratic Regulator (LQR) designed for controlling the pitch angle. This paper presents the review of all three controllers.
I. INTRODUCTION
Today's aircraft designs mainly based on automatic control system to monitor and control many of aircraft's subsystems. The development of automatic control system has played an important role in the growth of civil and military purposes. The architecture of the flight control system, essential for all flight operations, has changed throughout the years. Soon after the first flights, articulated surfaces were introduced for basic control, operated by the pilot through a system of cables and pulleys. This technique was used for decades and now it is still used for small airplanes. The introduction of larger airplanes and the increase of flight envelopes made the muscular effort of the pilot, in many conditions, not sufficient to control the aerodynamic moment's consequent to the surface deflection. The first solution to this problem was the invention of aerodynamic balances and tabs. Modern aircraft include a variety of automatic control system that aids the flight crew in navigation, flight management and augmenting the stability characteristic of the airplane. The autopilot is an element within the flight control system. To Design an autopilot requires control system theory background and knowledge of stability derivatives at different altitudes and Mach numbers for a given airplane .The number and type of aerodynamic surfaces to be controlled changes with aircraft category. There are number of different control surfaces of aircraft: the primary flight controls, i.e. pitch, roll and yaw control [7] .
A modern aircraft and missile design depends mainly on automatic control system to control variety of the subsystem of aircraft and missile. Today's aircraft and missile consist of number of automatic controller that helps the airplane crew in airplane management and piloting the aircraft. The development and advancement of the autopilots closely followed by successful development of powered man-carrying airplane by Wright brothers [8] . First automatic controller for an aircraft was developed in 1912 by Sperry brothers. They demonstrated this autopilot in 1914 at Paris air show. Advancement in automatic control system has played a major role in the development of aircraft and missile. Usually, aircraft and missile contains three rotational motions and three translational motions [8] . Furthermore, the control strategies of aircraft can be grouped into two categories, as follows lateral and longitudinal control [8] . In longitudinal control the pitch angle whereas in lateral control roll and yaw of an aircraft system is controlled.
Pitch of an aircraft may be described as a rotation around the lateral axis. It may be calculated as the angle between the direction of speed in a horizontal line and vertical plane. Elevator is used to control pitch of aircraft which is located at the back of an airplane. The liberalized longitudinal mathematical model of an aircraft is of third order [8] . Pitch control is a longitudinal control; therefore longitudinal model of an aircraft is used to design the pitch angle controller of an aircraft. Roll control is a lateral control. Therefore lateral model of an aircraft is required to design the roll angle controller of an aircraft. The rolling motion of an aircraft is controlled by roll angle of an aircraft. Elevator is used to control pitch of an aircraft and ailerons are used to control roll of an aircraft In the past many researcher has done work to control the pitch, roll and yaw of an aircraft to stabilize an aircraft and this topic even now remains a challenging issue for present and future works [1] , [5] , [6] , [7] , [8] , [9] .
Pitch is controlled by the rear part of the tail plane's horizontal stabilizer which is hinged to create an elevator. By moving the elevator control backwards the pilot moves the elevator up (a position of negative camber) and the downwards force on the horizontal tail is increased. The angle of attack on wings increased so the nose is pitched up and lift is increased. The pitch angle of an aircraft is controlled by adjusting the angle and therefore the lift force of the rear elevator. The lift and drug as well as the aircraft's inertia are taken into account.
II. LITERATURE REVIEW
Torabi, Amin AdineAhari, Ali Karsaz, S.H. Kazemi(2014) This paper presents a comparative assessment based on time response specification performance between modern and classical controller for a pitch control system of an aircraft system. The dynamic modeling of pitch control system is considered on the design of an autopilot that controls the pitch angle. For getting close to actual conditions the white noise disturbance is applied to the system. In this paper, it is assumed that the model pitch control system is not available. To study the effectiveness of the controllers, the LQR Controller and PID Controller and fuzzy controller is developed for controlling the pitch angle of an aircraft system. Simulation results for the response of pitch controller are presented in step's response. And thus, the performances of pitch control systems are investigated and analyzed based on common criteria of step's response in order to identify which control strategy delivers better performance with respect to the desired pitch angle [1] .
Ranjan, S.Jadhav, and M.D. Patil(2014) From the last few years, mostly found controllers in the industries are PID controllers. They have found large recognition and applications in several industries. The majority of the controllers which is used in process control are of PID type. The control loops which are not properly tuned give reduced output and in appropriate and undesired performance. There are continuous researches going on to develop new methods for PID tuning and designing. A number of algorithms have been developed by scientists and suitable methods depending upon the applications are adopted by the industries for PID tuning and designing. Several tuning methods are present but they have some restrictions. These methods do not give desired tuning parameterizations for the control systems which have higher order and delay systems. The method which is named as Dominant pole placement method provides better tuning parameterizations for the above mentioned type of systems. In this method a pair of desired poles is chosen such that the requirements of the control system are converted in terms of these chosen poles. These poles are termed as dominant poles. This is an easy design method which when implemented for various types of plant processes gives desired result. This type of controller can tune plant processes with long dead times, long time constants, and monotonic or oscillatory responses. In this method, desired closed loop performance which is performance specifications, are identified and then the dominant poles are converted in terms of these performance specifications. In this paper, the performance specifications are settling time and peak overshoot. Also constraints have been put on complementary sensitivity function to handle the high frequency noise rejection and to get more mathematical equations to solve further. The procedure is simple, efficient and gives better performance for different types of control systems [2] .
A.B. Kisabo, F. A. Agboola, C.A. Osheku, M. A. L. Adetoro and A.A. Funmilayo (2012) Presents the design, simulation and analysis of two autopilots: a fuzzy Proportional-Integral-Derivative (PID) controller and, its hybrid with a PID controller for the control of pitch of an aircraft. The Mamdani-type fuzzy inference system is employed for the Fuzzy Inference System (FIS) in the design of fuzzy logic controller. The dynamic modeling of system begins with a derivation of suitable mathematical model to describe the longitudinal motion of an aircraft. This research shows thorough investigation into the various structures available for PID-FLC and its hybrids. Considering hardware implementation challenges and limitations, not all PID-FLC and its hybrid structures are viable. The PID-FLC is constructed as a parallel structure of a PD-FLC and a PI-FLC, with the output signal of the control loop, serving as the input for the derivative parameter of the PD-FLC. The output of the PID-FLC is formed by algebraically adding the outputs of the two fuzzy control blocks as suggested in Guanrong et al., 2000. Also, the proposed hybrid fuzzy PID autopilot consists of the PID-FLC with a traditional PID controller structured by algebraically adding the outputs of the two control blocks. Result of simulation in MATLABR/Simulink shows that the proposed PID-FLC autopilot gave an unacceptable trend when subjected to a step response and Dirac's delta impulse response investigation. While the intelligent hybrid autopilot; PID-FLC with PID controller gave an acceptable time response characteristics [3] . N. Wahid, M.F. Rahmat(2010) Proposed a work assessment based on time response specification performance between modern and intelligent controller for a pitch control system of an aircraft system. The dynamic modeling of pitch control system is considered on the design an autopilot that controls the pitch angle of an aircraft. It begins with a derivation of suitable mathematical model to describe the dynamics of an aircraft. To study the effectiveness of the controllers, the Linear Quadratic Controller (LQR) and Fuzzy Logic Controller (FLC) is developed for controlling the pitch angle of an aircraft system. Simulation results for pitch controller are presented in time domain. And thus, the performances of pitch control systems are investigated and analyzed based on common criteria of step's response in order to identify which control strategy delivers better performance with respect to the desired pitch angle and pitch rate [7] .
III. CONCLUSION
This paper gives the introduction about the pitch control of an aircraft using various controllers like PID, LQR and fuzzy logic controller. PID controller is a traditional controller and it is used from many years. PID controller is mainly used in industrial process due to its simplicity. LQR controller is widely used in many control applications. FLC is conceived as a better method for sorting and handling data but has proven to be an excellent choice for many control system applications because of non-linearity, complex mathematical computation and real-time computation need. It can be built into anything from small, hand-held products to large computerized process control systems. It uses an imprecise but very descriptive language to deal with input data more like a human operator. It is very robust and forgiving of operator and data input and often works when first implemented with little or no tuning.
A. Proportional Integral Derivative (PID)
PID control is the basic control scheme of the classical control system. It is mainly used for industrial control of a number of processes due to its simplicity [3] . The performance of the system can be enhanced by tuning the proper value of gainK p , K d and K i . The variation in the values of gain cause for variation in output response y(t). The mathematical equation for PID controller of an plant with input u(t) output y(t) and the error, e(t) is expressed as (1.1), (1.2) and (1.3) whereK p is proportional gain, K i integral gain, K d derivative gain, T i integral time and T d derivative time. PID control is combination of proportion (P), integral (I), differential (D) of the error e(t). The block diagram of analog PID control system is shown in Figure 1 . 
3) Proportional gain K p helps in increasing the loop gain of the system to make it immune to load disturbance. The integral gain (K i ) helps to reduce steady state errors. The derivative gain (K d ) helps to enhance the stability of closed loop system. The parameters of PID controller have to be chosen properly to achieve the desired response. The control value is gained by composing linearly the proportion and integral and differential of the error, which control the controlled plant, so it is called as PID controller. The deviation of the ratio of integral and differential control, through a linear combination of composition control the amount of control on the plant, it said the PID controller [1] .
B. Linear Quadratic Regulator (LQR)
LQR is a method in modern control theory that used statespace approach to analyze such a system. Using state space methods it is relatively simple to work with a multi-output system. The system can be stabilized using full-state feedback system. In designing LQR controller, lqr function in Matlab can be used to determine the value of the vector K which determined the feedback control law. This is done by choosing two parameter values, input R = 1 and Q = CT C. Where CT is the matrix transpose of C from state equation [5] , [7] . Linear quadratic regulator (LQR) is a method in modern control theory and it is an alternative and very powerful method for flight control system designing. The method is based on the manipulation of the equations of motion in state space form and makes full use of the appropriate computational tools in the analytical process. The state and output matrix equations describing the lateral directional equations of motion can be written as the following equation. Where Q is state-cost matrix and R is performance index matrix. For this study, R=1 and = where C is the matrix from state equation and is the matrix transpose of C. For designing LQR controller, the value of the feedback gain matrix, K, must be determined. Matlab is used to determine the values of K by using the lqr command [5] .
K= [-0.0396 0.0501 -0.7296 0.2886] values are obtained as the weighting factor equals 75. To obtain the desired output we must use a feed-forward scaling factor called N. Because, the full-state feedback system does not compare the output to the reference, it compares all states multiplied by the feedback gain matrix to the reference .The scaling factor N is obtained from Matlab .In this case, N=-3.2376 is determined [5] .
C. Fuzzy Logic Controller (FLC)
The concept of Fuzzy Logic Controller (FLC) was given by LotfiZadeh, a professor at the University of California at Berkley, and presented not as a control methodology, but as a way of processing data by allowing partial set membership rather than crisp set membership or non-membership. This approach to set theory was not applied to control systems until the 70's due to insufficient small-computer capability prior to that time. Professor Zadeh reasoned that people do not require precise, numerical information input, and yet they are capable of highly adaptive control. If feedback controllers could be programmed to accept noisy, imprecise input, they would be much more effective and perhaps easier to implement. In this context, FLC is a problemsolving control system methodology that lends itself to implementation in systems ranging from simple, small, embedded micro-controllers to large, networked, multichannel PC or workstation-based data acquisition and control systems. It can be implemented in hardware, software, or a combination of both. FLC provides a simple way to arrive at a definite conclusion based upon vague, ambiguous, imprecise, noisy, or missing input information. FLC's approach to control problems mimics how a person would make decisions, only much faster. When idea of fuzzy logic is applied to control, it is generally called as ' fuzzy control. Fuzzy control is the first ever application known to which fuzzy logic is applied. The fuzzy controller is composed of four elements. These are fuzzification, rule base, inference mechanism and defuzzification [5] . A block diagram of Fuzzy control sysrem is given in figure 1.3. This fuzzy membership values are used in the rule base in order to execute the related rules so that an output can be generated. A rule base consists of a data table which includes information related to the system. A fuzzy control that has thirty-five rules is realized. These rules have been utilized in designing the controller and the rules are defined in Table 1 This paper gives the introduction about the pitch control of an aircraft using various controllers like PID, LQR and fuzzy logic controller. PID controller is a traditional controller and it is used from many years. PID controller is mainly used in industrial process due to its simplicity. LQR controller is widely used in many control applications. FLC is conceived as a better method for sorting and handling data but has proven to be an excellent choice for many control system applications because of non-linearity, complex mathematical computation and real-time computation need. It can be built into anything from small, hand-held products to large computerized process control systems. It uses an imprecise but very descriptive language to deal with input data more like a human operator. It is very robust and forgiving of operator and data input and often works when first implemented with little or no tuning.
